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PROCESS FOR THE PREPARATION OF
1,1,1-TRIFLUOROPROPANE

The invention relates to a process for the preparation of a
composition comprising 1,1,1-trifluoropropane.

1,1,1-trifluoropropane is also known as HFA-263fb, HFC-
263fb or simply 263th. Hereinafter, unless otherwise stated,
1,1,1-trifluoropropane will be referred to as 263fb. The
known processes for preparing 263fb typically suffer from
disadvantages such as low yields, and/or the handling of toxic
and/or expensive reagents, and/or the use of extreme condi-
tions, and/or the production of toxic by-products. Methods
for the preparation of 263fb have been described in, for
example, Journal of Industrial and Engineering Chemistry,
1947, 39, 420-421. In this paper, 2631b is prepared by the
liquid phase hydrofluorination of 1,1,1-trichloropropane,
260fb, with an antimony catalyst. However, this method is
only of academic interest because of the scarcity of the 260fb
feed, the hazards involved in handling the reagents and the
low yields associated with the process. In addition to address-
ing the disadvantages of the known methods, it would be
desirable to provide a new method for the preparation of
263fb that use only readily available feedstocks. The present
invention seeks to address one or more of these issues.

The listing or discussion of a prior-published document in
this specification should not necessarily be taken as an
acknowledgement that the document is part of the state of the
art or is common general knowledge.

The present invention provides a process for the production
of'a composition comprising 263fb by using 3,3,3-trifluoro-
propene (1243zf) or 3-chloro-1,1,1-trifluoropropane (2531h)
as a starting material. Both of these materials are produced
commercially using well known technology. 1243zf finds use
as a monomer and as a working fluid in e.g. refrigeration.

The present invention provides a method for the production
of'a composition comprising 263fb by the hydrogenation of
1243zf.

CF,CH=CH,+H,—CF,CH,CH,

In the present invention the hydrogenation of 1243zf may
be carried out batch-wise or continuously, preferably continu-
ously. Any suitable apparatus may be used, such as a static
mixer, a tubular reactor, a stirred tank reactor or a stirred
vapour-liquid disengagement vessel. Preferably, the appara-
tus is made from one or more materials that are resistant to
corrosion, e.g. stainless steels, Hastelloy® or Inconel®.

The products from the hydrogenation reaction may be
subjected to one or more purification steps. The purification
may be achieved, for example, by separation of the desired
product(s) or reagents by one or more distillation, condensa-
tion or phase separation steps and/or by scrubbing with water
or aqueous base and drying with e.g. molecular sieves, zeo-
lites or other desiccants. Any unreacted 1243zf can be
recycled to the reactor where it will ultimately be converted to
263fb.

The hydrogenation reaction typically coverts at least about
50% of the starting 1243zf into 263fb, preferably at least
about 75%, for example about 90%.

The hydrogenation reaction 1243zf—=263fb may be carried
outin the liquid or vapour phase, preferably the vapour phase.
In the vapour phase a temperature of from about —-40 to 150°
C. may be used, e.g. from about —-25 to about 100° C. Lower
and higher temperatures can be used but at the expense of rate
and selectivity i.e. ratio of desired product to by-products.
Preferred temperatures for liquid phase hydrogenation are
from about 0 to about 180° C., e.g. from about 50 to about
150° C.
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Ifthe reaction is conducted in the liquid phase any suitable
solvent may be used or the reaction can be conducted in the
absence of solvent, i.e. solvent free. By suitable we mean a
solvent in which the reactants dissolve and in the case of
homogeneous catalysts, the catalyst dissolves. The solvent
should be stable to hydrogenation and should not react with
either the reactants or products within the taught ranges of
temperature, pressure etc. If a solvent is present it is preferred
that the hydrogenation reaction is carried out in the absence of
cyclohexane. This means that preferably the solvent is not
cyclohexane or does not comprise cyclohexane. Suitable sol-
vents include but are not limited to alcohols such as methanol
and other suitable solvents including THF.

In another aspect of the invention the hydrogenation reac-
tion is conducted in the presence of 263fb. 263tb can be
present as a diluent in the gas phase or the liquid phase
reaction. For example, in the gas phase 2631b can be used as
a diluent in combination with nitrogen or instead of nitrogen.
For example, in the liquid phase the reaction can take place in
the presence of 263fb as a solvent alone or in combination
with another solvent, such as the solvents described above.
This can be achieved by any convenient means. 263fb can be
introduced into the reaction vessel or zone before the start of
the reaction. One or more of the starting materials can be
mixed with 263fb before the start of the reaction. For
example, 263fb and 1243zf can be pre-mixed and fed to the
reaction vessel or zone or 1243zf can be fed to a reaction
vessel or zone pre-charged with 263th.

It has been surprisingly and unexpectedly found that con-
ducting the hydrogenation reaction in the presence of 263fb
can result in an improved yield of 263fb. The use of 2631b as
can be advantageous as it avoids the need to introduce other
species into the hydrogenation reaction, and can thus avoid
the need for steps separate and recover the diluent. This can
also reduce the likelihood of possible side reactions and there-
fore enhance the conversion of the feed to the desired product.

The hydrogenation reaction 1243zf—263fb may be carried
out at atmospheric, sub- or super-atmospheric pressure, pref-
erably super-atmospheric pressure. For example, the hydro-
genation may be carried out at a pressure of from about 0 to
about 40 bara, such as from about 1 to about 30 bara, e.g. from
about 1 to about 20 bara.

The ratio of hydrogen:1243zf is suitably from about 0.1:1
to about 40:1, such as from about 1:1 to about 20:1, preferably
from about 1:1 to about 10:1, e.g. from 1.5:1 to about 5:1.

Preferably the reaction is conducted in the absence of car-
bon dioxide.

Any suitable hydrogenation catalyst may be used. Suitable
catalysts include those comprising a transition metal. Pre-
ferred transition metal hydrogenation catalysts include those
comprising nickel (Ni), palladium (Pd), platinum (Pt), rhe-
nium (Re), rhodium (Rh), ruthenium (Ru) and mixtures
thereof. Such catalysts may be supported on, for example,
alumina, titania, silica, zirconia or fluorides of the foregoing,
calcium fluoride, carbon or barium sulphate or unsupported,
for example Raney Ni and Pt produced by reducing, for
example PtO,. Examples of catalysts suitable for use in the
present invention include Pt/alumina, Pd/barium sulphate,
Pd/C, Pd and chlorotris(triphenylphosphine)rhodium(l). In
one aspect the catalyst is not Pd/C. In particular, in one aspect
Pd/C is not used as the catalyst in a liquid phase reaction. In
a further aspect of the present invention the catalyst is plati-
num supported on alumina (Pt/Al,O,) or chlorotris(triph-
enylphosphine)rhodium(l) (Wilkinson’s catalyst) or Adams
catalyst, PtO,, reduced in situ to platinum metal.

In a preferred aspect of the invention, 1243zf is hydroge-
nated in the liquid phase in the presence of chlorotris(triph-
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enylphosphine)rhodium(I) (Wilkinson’s catalyst), wherein
the reaction is conducted in the presence of 263fb, for
example, 263fb is used as a solvent or the reaction is con-
ducted in a solvent that comprises 2631fb.

When operated batchwise the hydrogenation catalyst is
typically used in an amount of from about 0.01 to about 30%
by weight based on the total weight of the starting materials,
such as from about 0.1 to about 10%. When Pt/Al,O; is used
as the catalyst, the Pt is present in an amount of from about
0.01 to about 10% by weight of the catalyst, such as from
about 0.1 to about 5%.

For continuous operation there should be sufficient catalyst
mass to allow commercially significant conversion to be
achieved across the range contact times and conditions speci-
fied.

Preferably the catalyst is stable in the presence of HF.

In the vapour phase the contact time for the hydrogen and
catalyst with 1243zf is typically from about 1 to about 200
seconds, such as from about 2 to about 150 seconds.

In the liquid phase the contact time for the hydrogen and
catalyst with 1243zf suitably is from about 1 to about 180
minutes, such as from about 2 to about 60 minutes.

The hydrogenation reaction is exothermic. To control the
exotherm that accompanies the reaction the catalyst can be
diluted in an inert carrier such as alumina, carbon etc. Addi-
tionally the 1243z7f feed can be diluted with an inert gas, such
as nitrogen, or preferably 263fb product.

In one aspect of the invention, 1243zf is hydrogenated in
the vapour phase in the presence of a transition metal catalyst
selected from those comprising nickel (Ni), palladium (Pd),
platinum (Pt), rhenium (Re), rhodium (Rh), ruthenium (Ru)
and mixtures thereof, preferred catalysts for this reaction
include Pt on alumina catalysts. Optionally this reaction may
be conducted in the presence of 263fh.

In another aspect 1243zf is hydrogenated in the liquid
phase in the presence of a transition metal catalyst selected
from those comprising nickel (Ni), palladium (Pd), platinum
(Pt), thenium (Re), rhodium (Rh), ruthenium (Ru) and mix-
tures thereof, preferred catalysts for this reaction include
Adam’s catalyst (Pt(IV) oxide) or Wilkinson’s catalyst (RhCl
(PPhy)s).

Suitable solvents for use in this reaction include alcohols
such as methanol or THF. Optionally this reaction may be
conducted in the presence of 263fb.

In another aspect 1243zf is hydrogenated in the liquid
phase in the presence of a Pd catalyst such as Pd on carbon
catalyst in the present of 263fb.

In another aspect for the preparation of 263fb the process
comprises (i) providing a mixture of 263tb and 1243zf; and
(ii) contacting the mixture with hydrogen in the presence of a
suitable catalyst. Typically a transition metal catalyst selected
from those comprising nickel (Ni), palladium (Pd), platinum
(Pt), thenium (Re), rhodium (Rh), ruthenium (Ru) and mix-
tures thereof, preferred catalysts for this reaction include
Adam’s catalyst (Pt(IV) oxide) or Wilkinson’s catalyst (RhCl
(PPhy)s).

The present invention also provides a method for the pro-
duction of a composition comprising 263fb by the reductive
dehydrochlorination of 2531fb.

—

CRCHCHCL + Hy oy

CF;CH,CH;

In the present invention the reductive dehydrochlorination
of'253fb may be carried out batch-wise or continuously, pref-
erably continuously. Any suitable apparatus may be used,
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such as a static mixer, a tubular reactor, a stirred tank reactor
or a stirred vapour-liquid disengagement vessel. Preferably,
the apparatus is made from one or more materials that are
resistant to corrosion, e.g. stainless steels, Hastelloy® or
Inconel®.

The products from the dehydrochlorination reaction may
be subjected to one or more purification steps. The purifica-
tion may be achieved, for example, by separation of the
desired product(s) or reagents by one or more distillation,
condensation or phase separation steps and/or by scrubbing
with water or aqueous base.

The product of the dehydrochlorination reaction may com-
prise both 1243 zf and 263fb and HCI. These may be separated
from each other (e.g. by distillation, scrubbing with water
and/or bases e.g. sodium hydroxide, calcium hydroxide etc)
before the 2631fb is purified by any known method such as
distillation. Unreacted 253fb and any 1243zf product can be
recycled to the reactor where they will be converted to 263fb.

The dehydrochlorination reaction may be carried out in the
liquid or vapour phase, preferably the liquid phase. A tem-
perature of from about -25 to about 300° C. may be used.
Preferred temperatures for liquid phase dehydrochlorination
are from about 0 to about 180° C., e.g. from about 15 to about
120° C. Preferred temperatures for vapour phase dehydro-
chlorination are from about 0 to about 300° C., such as from
about 20 to about 250° C., e.g. from about 50 to about 200° C.

Ifthe reaction is conducted in the liquid phase any suitable
solvent may be used or the reaction can be conducted in the
absence of solvent, i.e. solvent free. By suitable we mean a
solvent in which the reactants dissolve and in the case of
homogeneous catalysts, the catalyst dissolves. The solvent
should be stable to hydrogenation and should not react with
either the reactants or products within the taught ranges of
temperature, pressure etc. Suitable solvents include but are
not limited to alcohols such as methanol and other suitable
solvents including THF.

In another aspect of the invention the hydrogenation reac-
tion is conducted in the presence of 263fb. 263tb can be
present as a diluent in the gas phase or the liquid phase
reaction. For example, in the gas phase 2631b can be used as
a diluent in combination with nitrogen or instead of nitrogen.
For example, in the liquid phase the reaction can take place in
the presence of 263fb as a solvent alone or in combination
with another solvent, such as the solvents described above.
This can be achieved by any convenient means. 263fb can be
introduced into the reaction vessel or zone before the start of
the reaction. One or more of the starting materials can be
mixed with 263fb before the start of the reaction. For
example, 263fb and 253fb can be pre-mixed and fed to the
reaction vessel or zone or 2531b can be fed to a reaction vessel
or zone pre-charged with 2631b.

It has been surprisingly and unexpectedly found that con-
ducting the hydrogenation reaction in the presence of 263fb
can result in an improved yield of 263fb. The use of 2631b as
can be advantageous as it avoids the need to introduce other
species into the hydrogenation reaction, and can thus avoid
the need for steps separate and recover the diluent. This can
also reduce the likelihood of possible side reactions and there-
fore enhance the conversion of the feed to the desired product.

The dehydrochlorination reaction may be carried out at
atmospheric, sub- or super-atmospheric pressure, preferably
super-atmospheric pressure. For example, the dehydrochlo-
rination may be carried out at a pressure of from about 0 to
about 40 bara, such as from about 1 to about 30 bara, e.g. from
about 5 to about 20 bara.



US 9,249,072 B2

5

The ratio of hydrogen:2531b is suitably from about 0.1:1 to
about 40:1, such as from about 1:1 to about 20:1, preferably
from about 1.1:1 to about 10:1, e.g. from 1.5:1 to about 5:1.

Any suitable dehydrochlorination catalyst may be used.
Suitable catalysts include those comprising a transition
metal. Preferred transition metal hydrogenation catalysts
include those comprising nickel (Ni), palladium (Pd), plati-
num (Pt), rhenium (Re), rhodium (Rh), ruthenium (Ru) and
mixtures thereof. Such catalysts may be supported on, for
example, alumina, titania, silica, zirconia or fluorides of the
foregoing, calcium fluoride, carbon or barium sulphate or
unsupported, for example Raney Ni or Pt metal produced by
reduction of PtO,. Examples of catalysts suitable for use in
the present invention include Pt/alumina, Pd/barium sul-
phate, Pd/C, Pd and chlorotris(triphenylphosphine)rhodium
(D. In one aspect of the present invention the catalyst is
platinum supported on alumina (Pt/Al,O;) or chlorotris
(triphenylphosphine)rhodium(I) (Wilkinson’s catalyst) or
Adams catalyst, PtO,, reduced in situ to platinum metal.

In a preferred aspect of the invention, 253fb is dehydro-
chlorinated in the liquid phase in the presence of chlorotris
(triphenylphosphine)rhodium(I)  (Wilkinson’s  catalyst),
wherein the reaction is conducted in the presence of 2631b,
for example, 2631b is used as a solvent or the reaction is
conducted in a solvent that comprises 263fh.

When operated batchwise the dehydrochlorination catalyst
is typically used in an amount of from about 0.01 to about
30% by weight based on the total weight of the starting
materials, such as from about 0.1 to about 10%. When
Pt/Al,0; is used as the catalyst, the Pt is present in an amount
of from about 0.01 to about 10% by weight of the catalyst,
such as from about 0.1 to about 5%.

For continuous operation there should be sufficient catalyst
mass to allow commercially significant conversion to be
achieved across the range contact times and conditions speci-
fied.

Preferably the catalyst is stable in the presence of HF and
HCIL. In the liquid phase the process can be optionally per-
formed in the presence of a base to react with and neutralise
any acidic products formed. Suitable bases include amines for
example primary alkyl amines such as ethylamine, secondary
alkyl amines such as diethylamine, tertiary alkyl amines such
as triethylamine, and aryl amines such as pyridine.

In the vapour phase the contact time for the hydrogen and
catalyst with 253fb is typically from about 1 to about 200
seconds, such as from about 2 to about 150 seconds.

In the liquid phase the contact time for the hydrogen and
catalyst with 253fb suitably is from about 1 to about 180
minutes, such as from about 2 to about 60 minutes.

Another method of effecting the dehydrochlorination is by
converting 2531b to 1243zf thermally or with a base (base-
mediated dehydrochlorination) to yield 1243zf and then
hydrogenating the 1243zt as described above. Preferably, the
base is a metal hydroxide or amide (preferably a basic metal
hydroxide or amide, e.g. an alkali or alkaline earth metal
hydroxide or amide).

The invention will now be illustrated by the following
non-limiting examples.

EXAMPLES
Example 1

0.5 gofa 1% platinum on alumina catalyst was diluted with
1.5 g alumina beads and loaded into an Inconel tubular reac-
tor. The catalyst mass was dried under nitrogen (90 ml/min) at
200° C. for 90 minutes and then pre-treated with hydrogen (5
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ml/min) at 200° C. for 60 minutes. The catalyst was then
cooled to the desired reaction temperature and a mixture of
hydrogen (5 ml/min) and nitrogen (90 ml/min) at 1 barg was
fed to the reactor. 1243zf (5 ml/min) was introduced into the
hydrogen/nitrogen stream. The reactor was then heated and
samples of the reactor off-gases taken for analysis by gas
chromatography:

Experiment 1
Reactor temp ° C.
26 36 45 55 65
Mole % Mole % Mole % Mole % Mole %
1243zf 9.38 5.88 4.71 2.61 1.17
2631b 90.62 94.12 95.29 97.39 98.83
Experiment 2
Reactor temp ° C.
26 36 45 55 65
Mole % Mole % Mole % Mole % Mole %
1243zf 7.84 5.61 3.67 2.58 1.38
2631b 92.16 94.39 96.33 97.42 98.62
Example 2

The experiment was performed as detailed in example 1
except the temperature was 40° C. and the nitrogen diluent
flow was steadily reduced:

N, (mls/min)

9 70 50 40 30 20 10 5
ROG 1243zf 34 31 23 16 L5 06 04 03
ROG 263fb 96.6 969 977 984 985 994 99.6 99.7
Example 3

The experiment was performed as detailed in example 2
except 2631b was used as the diluent instead of nitrogen:

2631b (mls/min)
9 70 50 40 30 20 10 5
ROG 1243zf 12 09 10 05 13 06 02 02
ROG 263fb 98.8 99.1 99.0 99.5 987 994 99.8 99.8
Example 4
2.0 g of a 1% platinum on alumina catalyst was loaded into

an Inconel tubular reactor. The catalyst mass was dried under
nitrogen (90 ml/min) at 200° C. for 90 minutes and then
pre-treated with hydrogen (5 ml/min) at 200° C. for 60 min-
utes. The catalyst was then maintained at 200° C. and a
mixture of hydrogen (5 ml/min) and nitrogen (60 ml/min) at
1 barg was fed to the reactor. 2531b (5 ml/min) was introduced
into the hydrogen/nitrogen stream. Samples of the reactor
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off-gases taken for analysis by gas chromatography: 2531b:
84 mol %, 263fb 14.1 mol %, 1243zf 0.98 mol %.

Example 5

Liquid Phase Hydrogenation of 1243z7f to 263fb
using Adam’s Catalyst

0.02 g ofplatinum(IV) oxide (Adam’s catalyst) and metha-
nol (10 mL) were loaded into a 50 mL. reactor base and sealed
before purging with N, gas. The reactor contents were stirred
at 1000 rpm and heated to 30° C. After venting the N, 1243zf
(2.158 g) was fed into the reactor followed by H, (150 mL. @
5.5 barg) and the reaction commenced. The progress of the
reaction was monitored by FTIR spectroscopy. FTIR showed
that the 1243zf had been hydrogenated after 35 minutes. The
contents of the reactor were recovered and analysed by gas
chromatography. 1243zf conversion to 263fb was greater
than 99%.

Example 6

Liquid Phase Hydrogenation of 1243z7f to 263fb
using Wilkinson’s Catalyst

0.05 g of Wilkinson’s catalyst (RhC1(PPh;),) and THF (10
ml.) were loaded into a 50 mL reactor base and sealed before
purging with N, gas. The reactor contents were stirred at 1000
rpm and maintained at 25° C. After venting the N,, 1243zf
(2.531 g) was fed into the reactor followed by H, (150 mL. @
6.5 barg) and the reaction commenced. The progress of the
reaction was monitored by FTIR spectroscopy. FTIR showed
complete hydrogenation of 1243zfwithin 4 hours 20 minutes.
The contents of the reactor were recovered and analysed by
gas chromatography. 1243zf conversion to 263fb was greater
than 93%.

Example 7

0.4 g of'a 10 wt % palladium on carbon catalyst and THF
(10 mL) were loaded into a 50 mL reactor base, and sealed,
before purging with N, gas. The reactor was heated to 50° C.
and the contents stirred at 500 rpm. After venting the N,
124371 (2.159 g) was fed into the reactor. H, (150 ml @ 6
barg) was then fed into the reactor and the reaction com-
menced. The progress of the reaction was monitored by FTIR
spectroscopy. Within 7 minutes the H, has been consumed as
observed by aloss of pressure, and FTIR showed some but not
all of the 1243zf had been hydrogenated. Additional H, (4
barg) was fed into the reactor. Within a further 10 minutes the
additional H, had been consumed. The contents of the reactor
were recovered and analysed by gas chromatography: 77.6%
263fb and 22.4% 1243zf.

Example 8

0.4 gofa 10 wt % palladium on carbon catalyst was loaded
into a reactor base, and sealed, before purging with N, gas.
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After venting the N,, a mixture of 1243zf (2.24 g) and 263fb
(24.62 g) was fed into the reactor. H, (150 ml @ 6.5 barg) was
fed into the reactor and was heated to 50° C. and the contents
stirred at 300 rpm. The progress of the reaction was monitored
by FTIR spectroscopy. After 1 hour the experiment was
stopped and the reaction mixture recovered for analysis:
99.63% 2631b and 0.21% 1243zf.

The invention claimed is:

1. A process for the preparation of a composition compris-
ing 1,1,1-trifluoropropane (2631b), comprising the step of:

reacting one of 3,33-trifluoropropene (1243zf) or

3-chloro-1,1,1-triftuoropropane (253fb) with hydrogen
in the presence of a catalyst and in the presence of 263h
to produce 1,1,1-trifluoropropane (263th), wherein
2631b is introduced into the reaction vessel or zone in
which the reaction is conducted before the start of the
reacting step.

2. A process according to claim 1, wherein said process is
conducted in the vapor phase.

3. A process according to claim 1, said process further
comprising the steps of:

(1) providing a mixture of 263fb and at least a portion of

said 1243zf; and

(i1) contacting said mixture with said hydrogen.

4. A process according to claim 1, wherein said reacting
step is carried out at a temperature of from about -25 to about
300° C. and a pressure of from about 0 to about 40 bara.

5. A process according to claim 2, wherein the reacting step
is carried out at a temperature of from about 0 to about 300°
C.

6. A process according to claim 5, wherein the reacting is
carried out at a temperature of from about 20 to about 200° C.

7. A process according to claim 6, wherein the reacting is
carried out at a temperature of from about 50 to about 150° C.

8. A process according to claim 1 comprising reaction of
1243zf with said hydrogen, wherein the molar ratio of hydro-
gen: 1243zf is from about 1:1 to about 40:1.

9. A process according to claim 1, comprising the reaction
of 253fb with said hydrogen, wherein the molar ratio of
hydrogen: 253fb is from about 1:1 to about 40:1.

10. A process according to claim 1 wherein said catalyst
comprises one of a supported or unsupported transition metal
selected from Ni, Pd, Pt, Re, Rh, Ru and mixtures thereof.

11. A process according to claim 10, wherein said catalyst
is supported on at least one of alumina, titania, silica, zirconia
or fluorides of the foregoing, calcium fluoride, carbon or
barium sulphate.

12. A process according to claim 10, wherein said catalyst
is

(a) platinum supported on alumina Pt/A1203; or

(b) chlorotris(triphenylphosphine)rhodium(I).

13. A process according to claim 1, wherein said process is
carried out in the liquid phase in a solvent comprising 263fb
and in which said catalyst is chlorotris(triphenylphosphine)
rhodium(I) (Wilkinson’s catalyst).
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